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FOREWORD

This is the {irst edition of DCA's Satellite Communications Reference
Data 'andisok, Tt is recognized that the users of the Handbook will have
varied axsigonments and variations in their need for detailed data on the toplcs
discusged horeln, In order t¢ make the Handbook more useful to you, the user,
your suggestions for improvement, comments and corrections would be greatly
appreciated., Kindly forward any such {tems to: Defense Comrunications
Agency, Attention Code 483, Washington, D.C,, 20305, Either brief hand-
wriiten notes or detatled coverage is welcome,
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.. =w=SECTION 1 - INTRODUCTION R

1.1 PURPOSE

It is the purpose of this reference book to provide, in one source, suffi-
cient information on satellite communications in general arid on the Defense
Satellite Communications System (DSCS) in particular to familiarize the reader
with this special field of communications. The intent is _t6 present data so that
one familiar with communications, but not necessarily an engineer, can readily
grasp the fundamental characteristics, capabilities and limitaticns of satellite
communications as well as the background and present status of the DSCS. A

glossary of terms and abbreviations is given in a table at the end of the book,
1.2 SCOPE

Sections 2 through 8 of this reference book provide a survey of basic tech-
nical data related to satellite communications systems in general. This in-

cludes: '

Section 2 - Data on space subsysiems such as orbital characteristics and

satellite transponders ' .

Section 3 - Data on earth terminals including transmit, receive and

antenna subsystems

Section 4 - Data on typical multiplex, modulation and mulilple-access tech-
uiques that are suitable for satellite communications systems, This
section also covers pertinent data on the use of error-correcting coding
techniques to conserve satellite power and/or improve performance of

digital transmission,

Section 5 - Basic parameters and formulas essential to an understanding

of the problems involved in engineering a satellite communications link




TR T

Sectnon G - Data relative to the integration of satellite commumcatlons

B systems into a global terrestrial communication network

Section 7 ~ Development of a system engineering ajprcach to the sharing

of the limited power and bandwidth capacity of a satel.ite

Section 8 - Data on woth nonreal-time and real-time control systems that

are appropriate for use with multiple -access sateilite systems,

- The remainder of the book consists of seven appendices addressing specific

" areas closely related to the DSCS, These are:

Appendix A - Descriptive summary of the characteristics of presently

available or planned satellites of interest to military commuaicators

Appendix B - Descriptive summary of presently available or proposed

earth terminals of interest to military communicators
Appendix C - Detailed description of Phase 1 of the DSCS
Appendix D - Netailed description of Phase II of the DSCS

Appendix E - B....f coverage of future trends in communications that may

have an influence on the DSCS

Appendix F - Compilation of technical reference data useful in analyzing

satellite planning and engineering problems.
Appendix G - Glossary
1.3 SATELLITE COMMUNICATIONS SYSTEMS
1.3.1 General

A communicaticns satellite serves as a relay station for a long-distance

communications systei.. & ... system has the advantage of being able to
cover a large nor: :wof oo ewth's surface with the satellite antenna, Thus it
needs only a st~¢i= 7 . : 9 corvnect remote sites,
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#-- ...-In most ways a-satellite communications link is similar to a line-of-sight

‘ment for the numerous intermediate repeaters that would be necessary on a

- temns is a need for wide frequency bands and low internal and external noise.

.

(LOS) microwave system, with the satellite transponder serving as the replace-

I AN

ok

long-distance system, A problem in common with tervestrial microwave sys-

el Ml G,

Wiy

Since both satellite and terrestrial services are allocated frequencies from shared

frequency bands, it requires careful coordination prior to frequency assignment cee=

to avoid interference between using systems.

Although many of the basic principles are the same as in terrestrial sys-
tems, satellite communication systems do have differences that will be empha-
sized throughout this book., As will be seen, satellite communications are par-
ticularly suited for long-distance wide-band éommuuications, providing the
capacity for transoceanic high data rate circuits that are not practical by under-
sea cable or terrestrial radio, Figure 1-1 is a block diagram of a satellite sys-
tem chowing the space, <arth and control subsystems and the three types of

contro,~-satellite, earth terminal, and circuit,

Satellites used in communication systems may be classified into general
categories by electromagaetic and orbital characteristics. Electromagnetically,
there are two general types of satellites: passive and active. A passive satellite
merely acts as a reflector of radio waves. For example, the moon was used as
part of the first passive satellite communication system (as discussed in Para-
graph 1.3.2.1). One serious disadvantage of this type of system is that the
reflected signal received at the earth terminal is extremely weak. Thus, passive
satellites are not considered for major communications systems and are of
historical interest only. An active satellite carries a transponder (receiver-
amplifier-transmitter) system analogous to a terrestrial or undersea repeater.
This results in stronger signals at the earth terminal, but at the expense of
greater complexity and cost. Because a satellite is visible over a wide aren,
it is available for use by others, and ordinary transmissions may be easily inter-

fered with or readily jammed,




— - —— o —— —at r—— - ——— ——— oy [ —_

weldelq Yoolg WS4 9311191es 9AIPY [~ oandig

¥3sN 0L CES NI

m v , ! *
| : ‘ ——d .

, . —l FOHLNOD HD3L N \\ﬁ TOHANGD HDI) A—
=
N e - l_ ~ - e g

¢ -
W " SN -
: | e e e o R S e — P
| r it 1 = - r ) -0
5 , | 110250 \ -«
M _ _ 1DINNOIVWILM ‘ " - — - ([ 1o3nNoduILN — __ !
Lol
: i YT TwntweaL j— :
." | L g S | L
i ! ! R N - N ir - \
i ; X FERFITR T ‘ I \\ 3LN3avs // | X311 ‘
i ) | e —— - e e— . — . = |
! E i /7 witsasons | N ’
: , [ Novinaow | w0uIN0D | A NOILVINGOW !
) - —_———— o / I AN - —— o
— W\, — / T - —
' , i W NiwE3L | N INIWLIL [
‘ { — e ) [ S
- , — WILSASBNS Hinw3 ~ { - W3LSASSNS H1LY '
M I : - T T T T s T ﬁ/, ! e I
i . _
| :._ : ~o %
I ! _ =
Iy . . EFTR AT IS
N I8 ! :
! 1 [ .
! i : . : WiISASENs
:. m ; . IIwds
I
il
# I
] it
: i
| i
J i
1 [N
! 3
!

N ST PUIILY SO S TRC. o SRR p Y STe

voda il ] e ot

bnlbt cisbt ol | L wnaehi




A major difference from terrestrial systems is the requirement for remote

I a
{ multiple access, often changing with time and space. ; In\glvi systems, this leads

to problems of intermodulation among the transmitted signals, and requires

AT 0 g S T ¥ I R T A

!f ‘signal power control for the several kinds of signals, These problgﬁs are largely
= avoided by using time-division or spread-spectrum multiple acces?“technlques.
i: According to their orbital characteristics, communication satellites may
.. be divided into two general types: synchronous and nonsynchronous. Synchronous 7
" satellites have an orbital altitude of 22,300 statute miles and will rotate with the i
.. same angular velocity as the earth, A synchronous satellite in an equatorial 7
k i, orbit will thus remain stationary with respect to a point on the earth's surface, :
: - A nonsynchronous satellite has an altitude other than 22, 300 statute miles and
i _ circles the earth at a rate dependent on its altitude, It will be visible from
-T,A a given point on the earth during only a portion of its orbit, The duration and
E .. frequency of the visibility depends on the orbital parameters and earth terminal
; - locations. There may be no visibility from some terminals; from others the
.. satellite may be visible only on some orbits, Thus, many nonsynchronous satel-
; - lites are needed for continuous service; and these systems may involve complex
L ‘. acquisition, tracking and handover prohlems,
i o 1.3.2 Brief History of Satellite Communications
; - The following paragraphs give a brief review of some of the major events
: : in the development of today's operational satellite communication systems,

1.3.2,1 Passive Satellites

PR

1. Moon

[ TR

The first voice message to be transmitted via a space relay used the

moon as a passive reflector, In 1954, the Naval Research Laboratory

in 1955 established the first transcontinental transmission via the

e ey \W S WA e

-
4
I (NRL) transmitted over an earth-moon-~earth link successfully, and
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moon. By 19569 a duplex link petwegn Washington, D.C. and Hawaii -
s o “became operational on {requencics’of 400 and 450 MHz. T
.. ‘ L)
2. Project Echo 3 oA
H . - =
The Echo-I sphere, an artificial echo-producing body, was placed in ‘1 : 4

.an orbit of 1000-mile altitude following launch by NASA in August
1960. It was a mylar-aluminum balloon, 100 feet in diameter weighing i
175 pounds, Echo-II, launched in January 1964, was larger and more

- rigid, It weighed 500 pounds and was placed in a 600- to 800-mile,
near-polar orbit, Both were used in an intensive program of tests by
the United States and other countries, They were still in orbit as of .

January 1972,

3. Project West Ford g ’.f

Project West Ford, sponsored by the U.S. Air Force, was an investi- a
gation into the feasibility of using an orbital belt of dipoles as passive

reflecctors., On 10 May 1963 a launch was made and the dipoles were _ 1
successfully dispersed in a polar orbit of about 3700-km altitude.
The dipoles were designed for operation at a frequency of about 8000
MHz. Ground stations in Massachusetts and California were used to
measure the dipole belt characteristics and usefulness in point-to-
point communications, Speech was transmitted in digitized form and
received intelligibly, and the resuits agreed with theoretical predic- !
tions, The individual dipole orbits decayed with time and after 5 years

the belt virtually ceased to exist.
1.3.2.2 Active Satellites ;
1, Project Score

In December 1958, an Atlas 10-B vehicle put into an elliptical orbit . }

(perigee of 110 miles, apogee of 920 miles) a 150-pound package
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capable of both delayed and real-time transmission of voice and

" In October 1960, a Thor-Able Star vehicle put Courier 1-B, a DOD

‘an output powgr of 3 watts at 2 GHz, It could receive and store
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tclétype. The system operated successfully for 12 days, with an

output power of 8 waits at 150 MHz.

Tl 0 41 el 1,

Project Courier

satellite, into a 600- to 700-mile orbit. It operated for 17 days, with

360, 000 teletype words Jduring each overhead passage, and retransmit
them to each of four ground stations., Tests of delayed and real-time
voice, teletype and facsimile were conducted between Fort Monmouth,

New Jersey and Puerto Rico,

Project Telstar

Telstar 1 was lavnched on 10 June 1962 by a Delta vehicle, and placed
in an elliptical 593~ to 3503-nautical-mile orbit as a joint AT&T- 7
NASA project, The satellite weighed 170 pounds and was operable » ,
on a communication duty cycle of 10 percent. Another satellite,
Telstar II, v-as launched in May 1963, The Telstars provided tests

for telephone, television, facsimile and data among the United States,

Great Britain, France, Italy and Japan until March 1965, The output

power was 3 watts with 6-GHz uplink and 4-GHz downlink frequencies,

P!‘OIeCt Relax

In December 1962, Relay I, weighing 172 pounds, was launched by
NASA into an elliptical 819- to 4612-nautical-mile orbit. I January
1964 Relay 1I was placed in a similar orbit, The output powers

were 1) watts with 1700-MHz uplink and 4200-MHz downlink frequen-
cies, Relay I operated successfully until February 1965, supporting
more than 2000 communication tests among the United States, Europe

and South America. Relay Il was used by U. S, earth stations until

September 1965,




Project Syncom

This NASA Project included three satellites, Syncom [ failed to
achieve a proper orbit, Syncom II was placed in an inclined synchro=

nous orbit in July 1963 and was used for testing, Syndom IIl was

placed in a synchronous equatorial orbit near the international date

line in August 1964, and was used for TV transmission of the Tokyo
Olympic Games (o the U, S, in the fall of 1964, In April 1965, after
its program of tests was completed, NASA transferred operation of

both satellites to DOD, Neither is currently operational,

DOD Tactical Satellite Communication Activities

In 1965 the three services initiated studies on tactical/ mobile satellite
communications. On 1 July 1967, LES-5 (Lincoln Lahoratory Experi-
mental Satellite), a UHF satellite repeater weighing 225 pounds, was
placed in a high orbit by a multiple payload Titan I1I-C developmental
launch, The UHF system was tested by SAC aircraft as well as by
Army and Navy mobile terminals, This launch also deployed a
gravity-gradient experiment (DODGE) and an electronically despun
array test satellite (DATS) with 3 IDCSP satellites, Later, in Sen-
tember 1968, LES-6 was launched in further support of the tactical
communications study program. This was followed in February 19¢9
with the launch of TACSAT I, a high-powered experimental tactical
communication satellite for use by all military services to assess the
role of satellites in tactical situations, The TACSATCOM program
includes LES-6 and TACSAT 7, which are both geostationary satellites.
LES-6 is a small, single-band UlIF satellite, whereas TACSAT 1 was
the largest and most powerful communication satellite launched up to

that time, having high capacity aad operating in both UHF and SHF

bands. These two equatorial satellites were aligned with the central
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| sz with earth coverage capacities of 6000 telephone cirouits and 12 video . - -

channels or equivalent combinations, is now available, 'The first o

5 o - Intelsat IV was successfully placed in orbit in January 1971 and be-

came operational in March over the Atlantic region, An innovation i =
' on the Intelsat IV series is the provision of two spot beams in addition 7
to the earth coverage antenna to focus more power over high-traffic

~ regions. Its design life is 7 years, A summary of the principal

characteristics of the Intelsat satellites appears in Table 1-1, ' o

1.3.,3 Defense Satellitc Communications System

The Defense Satellite Communications System (DSCS) is an integral por-
tion of the global Defense Communications Systern de<’ ~ed {0 provide vital \
communications service to the United States and Allied